Primary aldosteronism (PA) is characterized by autonomous aldosterone hypersecretion from adrenal gland, resulting in low-renin hypertension often accompanied by hypokalemia and metabolic alkarosis. Recent epidemiologic studies have revealed that PA is more common cause of secondary hypertension than previously thought with its higher prevalence (5-15 %) in patients with hypertension [1] [2] [3] [4] [5] . Subclinical Cushing's syndrome (SCS) is characterized as subtle cortisol hypersecretion from adrenal tumor but lack of specific signs or symptoms of overt abstract. Primary aldosteronism (PA), an autonomous aldosterone hypersecretion from adrenal adenoma and/or hyperplasia, and subclinical Cushing syndrome (SCS), a mild but autonomous cortisol hypersecretion from adrenal adenoma without signs or symptoms of Cuhing's syndrome, are now well-recognized clinical entities of adrenal incidentaloma. However, the clinicopathological features of PA associated with SCS (PA/SCS) remain unknown. The present study was undertaken to study the prevalence of PA/SCS among PA patients diagnosed at our institute, and characterize their clinicopathlogical features. The prevalence of PA/SCS was 8 of 38 PA patients (21%) studied. These 8 PA/SCS patients were significantly older and had larger tumor, higher serum potassium levels, lower basal plasma levels of aldosterone, ACTH and DHEA-S as well as lower response of aldosterone after ACTH stimulation than those in 12 patients with aldosterone-producing adenoma without hypercortisolism. All 8 PA/SCS patients showed unilateral uptake by adrenal scintigraphy at the ipsilateral side, whereas the laterality of aldosterone hypersecretion as determined by adrenal venous sampling varied from ipsilateral (3), contralateral (2), and bilateral side (2). 6 PA/SCS patinets who underwent adrenalectomy required hydrocortisone replacement postoperatively. Histopathological analysis of the resected adrenal tumors from 5 PA/SCS patients revealed a single adenoma in 3, and double adenomas in 2, with varying degrees of positive immunoreactivities for steroidgenic enzymes (3β-HSD, P450 C17 ) by immunohistochemical study as well as CYP11B2 mRNA expression as measured by real-time RT-PCR. In conclusion, PA/SCS consists of a variety of adrenal pathologies so that therapeutic approach differs depending on the disease subtype.
Cushing syndrome (CS) [6] . SCS has been described in approximately 5-20 % in incidentally discovered adrenal mass (adrenal incidentaloma) [7, 8] . Given about 4 % of subjects older than 60-year-old harboring such adrenal tumors, SCS is considered not rare as previously thought [9] .
Since Hogan et al. [10] first reported a patient who had a single adrenal adenoma concurrently producing cortisol and aldosterone, several PA/SCS patients have been described in the literature, suggesting the higher prevalence of PA/SCS than previously thought. Recently, Piaditis et al. have reported that PA associated with hypercortisolism occurs 12.1% in 83 adrenal incidentalomas [11] . However, the exact prevalence and clinical and pathological features of PA/SCS have not been fully understood.
To address these issues, the present retrospective vein greater than 4, 3) contralateral ratio (CR) defined as PAC/F in the non-dominant adrenal vein over that in inferior vena cava less than 1 [16] . Since cortisol levels considerably differed in adrenal veins in PA/SCS patients, the absolute value of PAC rather than LR or CR was employed for diagnostic criteria for laterality of aldosterone hypersecretion in PA/SCS patients.
Immunohistochemistry
Immunohistochemical analysis of steroidogenic enzymes, including 3β-hydroxysteroid dehydrogenase (3β-HSD) and 17α-hydroxylase (P450 c17 ), were performed on the processed formalin-fixed, paraffin-embedded serial sections by the biotin-streptavidin amplified method (Nichirei, Tokyo, Japan) as described [17] .
Real-time quantitative RT-PCR for CYP11B2
Tumor samples were collected during surgery at our institute with informed consent from each patient. The experimental protocol was approved by the Ethical Committees of our institute. RNA extraction, firststrand cDNA synthesis, and real-time quantitative RT-PCR were carried out using TaqMan fluorescence methods (Bio-Rad Laboratories, Hercules, USA) as described [18] . PCR primers and Taqman probe for CYP11B2 were designed as described previously [19] ; forward primer, 5'-CTCTACCCTGTGGGTCTGTT TT-3' ; reverse primer, 5'-GGATTATACCGCTCAGG CC-3' ; Taqmanprobe, 5'-TACAGGTTTTCCTCTAC TCG-3' (PCR products size: 153 bp). The human CYP11B2 cDNA (sequenced from +1126 to +1277 based on GenBank ID NM 000498) were cloned by RT-PCR using RNA sample from one of aldosteroneproducing adenoma (APA) tissue, which was then subcloned into the pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA, USA). The identity of clone was confirmed by sequence analysis. Serial dilution of the cDNA plasmid was used to generate standard curves for quantification of the expression of CYP11B2 mRNA, and mRNA levels were expressed as attomoles per μg of total RNA.
Cardiovascular risk factors
Hypertension is defined as diastolic pressure (DBP) (> 90 mmHg) and/or the systolic pressure (SBP) (> 140 mmHg) [20] ; impaired glucose tolerance (IGT) as fasting plasma glucose (110-125 mg/dL) and/or 2-h plasma glucose (140-199 mg/dL) on 75g OGTT; study was undertaken to evaluate the prevalence of PA/ SCS among 38 PA patients diagnosed at our institute, and characterize their clinicopathological features.
Patients and methods

Patients
We retrospectively studied 38 PA patients diagnosed and followed up at Tokyo Medical and Dental University Hospital from 2005 to 2008. The diagnosis of PA was made on the basis of suppressed plasma renin activity (PRA) (≤1.0 ng/mL/hr) and elevated plasma aldosterone concentration (PAC) (≥15 ng/dL) and/or PAC to PRA ratio (ARR) (>20), and subsequent confirmation by suppressed PRA (≤1.0 ng/mL/hr) after furosemideupright posture [12] . A rapid ACTH test (Cortrosyn ® 250 μg, iv bolus) was also performed [13] . Prior to the confirmatory tests, the patients were withdrawn of antihypertensive drugs for at least 2 weeks except for those with severe hypertension who had been treated with Ca-channel blockers and/or α-blockers. All patients underwent 3 mm-thin slice adrenal CT scan, and 131 Iadosterol adrenal scintigraphy in 33 patients.
The diagnosis of SCS was made on the basis of the diagnostic criteria proposed by the Research Committee for Adrenal Diseases supported by Japanese Ministry of Health, Labor and Welfare [14] ; presence of adrenal incidentaloma, lack of Cushingoid features, and normal basal but autonomous cortisol secretion with no suppression of cortisol by low-dose (1 mg) and highdose (8 mg) dexamethasone suppression test (DST) (>3 μg/dL and > 1μg/dL, respectively), and at least one of the following additional endocrine data: 1) suppressed plasma ACTH (<10 pg/mL) and/or decreased response of ACTH after CRH stimulation, 2) loss of cortisol diurnal rhythm, 3) decreased serum DHEA-S levels, 4) unilateral uptake of 131 I-adosterol by adrenal scintigraphy. Among 8 PA/SCS patients, six underwent unilateral adrenalectomy.
Adrenal venous sampling (AVS)
35 PA patients including 6 PA/SCS patients underwent AVS to differentiate between unilateral or bilateral aldosterone hypersecretion [12] . To determine the source of aldosterone hypersecretion by AVS, the following diagnostic criteria were used; 1) PAC more than 1400 ng/dL [15] , 2) lateralized ratio (LR) defined as the ratio of PAC corrected by cortisol (PAC/F) in the dominant adrenal vein over that in the non-dominant adrenal of dyslipidemia than APA patients. PA/SCS patients had significantly (P<0.05) higher serum potassium levels and lower urinary potassium excretion than APA patients, while PAC, ARR, plasma ACTH and DHEA-S levels were significantly (P<0.05) lower, and post-DST (1mg) cortisol levels were significantly (P<0.01) higher in PA/SCS patients than those in APA patients. The responses of PAC and PAC/cortisol after ACTH stimulation were significantly (P<0.01) lower in PA/ SCS patients than those in APA patients. The tumor size (21.8±4.0 mm) of PA/SCS patients were significantly (P<0.01) larger than that (12.4±3.5 mm) of APA patients. All 8 PA/SCS patients showed unilateral single adrenal tumor by CT scan consistent with the ipsilateral uptake of 131 I-adosterol scintigraphy. Selective AVS with ACTH stimulation performed in 6 patients showed aldosterone hypersecretion identical to ipsilateral side in 2 (Cases 1, 8), contralateral side in 2 (Cases 3, 6), and bilateral side in 2 (Cases 2, 5) ( Table 2) .
Six (Cases 1, 2, 4, 5, 7, 8) of 8 PA/SCS patients who underwent unilateral adrenalectomy required hydrocortisone replacement postoperatively. Histopathological and immnohistochemical results of the resected specimens from 5 patients except for Case 4 (not available) are summarized in Table 3 . Three (Cases 1, 2, 7) showed a single adenoma with positive immunoreactivities for both 3β-HSD and P450 C 17, while 2 (Cases 5, 8) showed double adenomas, being the larger one with positive immunoreactivities for both 3β-HSD and P450 C 17, and the smaller one with positive immunoreactivity for 3β-HSD, but not for P450 C 17. In the adjacent adrenal cortex of all 5 operated patients, both the zona fasciculata and the zona reticularis were atrophic, whereas the zona glomerulosa was hyperplastic with negative 3β-HSD immunoreactivity ("paradoxical hyperplasia").
After adrenalectomy, hypertension improved in 5 of 6 PA/SCS patients (83%), and all 12 APA patients (100%) ( Table 4) . DM/IGT improved in 2 of 4 PA/ SCS patients (50%), and 2 of 6 APA patients (33%). Dyslipidemia improved in 2 of 5 PA/SCS patients (40%), but unchanged in 3 APA patients. There were no statistical differences between PA/SCS and APA patients of postoperative PAC, PRA or ARR, whereas postoperative plasma ACTH levels were normalized in all 6 PA/SCS patients (Table 1) .
CYP11B2 mRNA levels were measured by a quantitative real-time RT-PCR in the resected tumor specimens available from 3 cases with PA/SCS, consisting diabetes mellitus (DM) as fasting plasma glucose (≥ 126) and/or 2-h plasma glucose (≥ 200 mg/dL) on 75g OGTT or elevated HbA1c level (≥ 6.1 %) [21] ; dyslipidemia as triglyceride (TG) (≥ 150 mg/dL), HDLcholesterol (< 40 mg/dL), or LDL-cholesterol (≥ 140 mg/dL) [22] . Patients treated with medications for hypertension, DM/IGT, dyslipidemia were included as having the respective risk factors.
Evaluation of clinical outcome
The postoperative follow-up periods of PA/SCS and APA patients were 26.2±20.1 months and 28.8±22.5 months, respectively. Changes of blood pressure, glycemic and lipid profiles during the follow-up periods were evaluated as improvement and unchanged. Improvement of hypertension is defined as normalized blood pressure (SBP<140 mmHg and/or DBP<90 mmHg) and/or anti-hypertensive drugs discontinued or decreased in number or dose. Improvement of DM/IGT is defined as normoglycemia/IGT on OGTT, decreased HbA1c levels by more than 0.3% and/ or insulin/oral hypoglycemic agents discontinued or decreased in number or dose. Improvemend of dyslipidemia is defined as normalized plasma lipids levels (TG<150 mg/dL, HDL-cholesterol≥40 mg/dL, LDLcholesterol<140 mg/dL) or anti-dyslipidemic drugs discontinued or decreased in number or dose.
Statistical analysis
All clinical data are expressed as mean ± SD and CYP11B2 mRNA data are expressed as mean ± S.E.M. The χ 2 test was used for comparing proportions of subjects in two groups. Comparison between groups was made using non-paired t test. All statistical analyses were performed using Windows software Prism 5.0 (GraphPad Software, La Jolla, CA, USA).
results
By screening 38 PA patients diagnosed at our hospital, we found 8 PA patients associated with SCS (21 %). The clinical and biochemical characteristics of these 8 PA/SCS patients compared to those of 12 PA patients without SCS are shown in Table 1 . There were no statistical differences between PA/SCS and APA patients of sex, BMI, blood pressure (systolic, diastolic), prevalences of hypertension and DM/IGT, basal PRA or cortisol levels. By contrast, PA/SCS patients were significantly (P<0.05) older and had higher prevalence Fig. 1 , CYP11B2 mRNA levels in Case 1 were comparable to those of APA, whereas those in Cases 5 and 8 were low almost comparable to those of SCS.
Discussion
In the present study, we found 8 PA/SCS among 38 PA patients (21 %) screened and diagnosed at our institute. Although few epidemiologic studies on the prevalence of PA associated with SCS in adrenal tumors have been reported thus far, Piaditis et al. have recently reported that the prevalence of PA associated with SCS was 12.1% in 83 adrenal incidentalomas. Taken together, it is suggested that the coincidence of SCS is not rare among PA patients.
In the present study, unilateral radioactivity uptake by adrenal scintigraphy was indentical to the tumor The tumor size in our 8 PA/SCS patients was larger than that in APA patients, which is compatible with the epidemiologic study that cortisol-producing adenomas appear to be larger than in APA [27] . Collectively, concomitant production of cortisol should be considered in PA patients with relatively larger adrenal tumors and/ or low plasma ACTH levels. In agreement with a previous report [28] , hydrocortisone replacement after adrenalectomy was needed in our PA/SCS patients. Thus, one should rule out the possible association of SCS among PA patients in order to prevent postoperative adrenal insufficiency.
The histopathological and immunohistochemical study combined with the measurement of CYP11B2 mRNA expression in the resected specimen proves to be useful for localizing the adrenal lesion(s) responsible for aldosterone and cortisol hypersecretion. In our three patients (Cases 1, 2, 7), a solitary adenoma with positive 3β-HSD and P450 C 17 immunoreactivities associated with paradoxical hyperplasia of zona glomerulosa in the adjacent tissue, is compatible with concomitant production of cortisol and aldosterone. This is also consistent with the abundant expression of CYP11B2 mRNA in the tumor tissue from Case 1, comparable to that in APA. However, the other two patients (Cases 5, 8) with double adenomas showed different patterns; the larger adenoma showed positive 3β-HSD and P450c17 immunoreactivities, but barely detectale CYP11B2 mRNA expression comparable to those in the adenoma from SCS without PA, suggesting that these adenomas predominantly produce cortisol, but not aldosterone. Smaller adenomas, on the other hand, showed positive immunoreactivity for 3β-HSD, but not for P450 C 17, we assume that these smaller adenomas are highly likely to be the source of aldosterone hypersecretion, although CYP11B2 mRNA expression could not be measured. Adrenal CT imagings of Cases 5 and 8 showed a single mass lesion in the right adrenal, 22 mm (Case 5) and 20 mm (Case 8), respectively, without any other recognizable mass lesions. Postoperative histopathological study of the resected adrenal specimens of both cases revealed another small adenoma (< 6mm) undetectable on CT imaging.
Many cases of PA with hypercortisolism reported thus far [29] [30] [31] [32] [33] are due to a solitary adenoma co-secreting aldosterone and cortisol, as in Cases 1 and 7. However, aldosterone hypersecretion as confirmed by AVS in our 4 patients (Cases 2, 3, 5, 6) was from the contralateral side of the adrenal lesions by imaging side detected by CT imaging in all 8 PA/SCS patients, which is compatible with concomitant cortisol-and/or aldosterone-producing tumors. By contrast, localization of aldosterone hypersecretion by AVS was discordant with the tumor side by imaging tests; 2 (Cases 1, 8) at the ipsilateral side, 2 (Cases 3, 6) at the contralateral side, and 2 (Cases 2, 5) at the bilateral side. These findings lend a support to the contention that localization of aldosterone hypersecretion should be confirmed by AVS even in a patient whose adrenal tumor is evident by CT imaging and/or adrenal scintigraphy.
The clinical features between PA/SCS and APA revealed significant differences of age, prevalence of dyslipidemia, serum and urinary potassium levels, tumor size, and certain endocrine data. Older age and higher prevalence of dyslipidemia in our PA/SCS patients were compatible with those of SCS patients [23, 24] . Despite autonomous, but subtle cortisol hypersecretion in PA/SCS, the present study revealed that PA/SCS patients had higher serum potassium levels and lower urinary potassium excretion as well as lower PAC and ARR than did APA patients. This could be mainly attributable to lower basal secretion of aldosterone in PA/SCS compared to that in APA. It is well recognized that ACTH acutely stimulates aldosterone secretion [25] , whereas ACTH chronically reduces aldosterone secretion [26] . Thus, the suppressed ACTH secretion due to mild cortisol excess in PA/SCS could not explain the lower PAC and higher serum potassium levels in our PA/SCS patients. However, the lower response of PAC after ACTH stimulation in PA/SCS than in APA as demonstrated in this study, could partly account for the relatively reduced aldosterone secretion in PA/SCS, although its exact mechanism(s) remains to be determined. Nevertheless, the present results suggest that the possible association of PA should be taken into account in SCS patients with moderate PAC and normokalemia.
It should be noted that Cases 2 and 5 showed bilateral aldosterone hypersecretion by AVS, who underwent unilateral adrenalectomy at the side of cortisol hypersecretion by their will. Postoperatively, Case 2 could reduce the dose of Ca-channel blocker (improvement), while Case 5 continued to take the same number and dose of anti-hypertensive drugs (unchanged). Although the exact reason for the improvement of hypertension in Case 2 remains unclear, removal of the single adenoma secreting preferential cortisol to aldosterone could partly account for the improvement. more often than previously thought. Among older PA patients, lower PAC, ARR, normal potassium level and suppressed plasma ACTH in the presence of larger adrenal tumor are the common clinical and biochemical features to suspect coexisting SCS. AVS should be performed in such suspected PA/SCS patients because of a variety of adrenal pathologies, and therapeutic approach may differ depending on the disease subtype. It should also be noted that hydrocortisone replacement is necessary during and after adrenalectomy to prevent postoperative adrenal insufficiency.
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We thank Dr. K. Kihara and his colleagues, Department of Urology, for adrenal surgery, and Dr. T. Akashi, Department of Pathology, for pathological diagnosis. This study was supported in part by Grantsin-Aid for Scientific Research from the Ministry of Education, Science, Sports and Culture, and the Ministry of Health, Welfare, and Labor of Japan. studies. It has been reported that 27 of 93 PA patients (29 %) are microadenoma (micro-APA) only detectable by AVS [34] . Thus, micro-APA could be present at the contralateral side in such cases. Taken together, our PA/SCS patients could be classified into various subtypes (Fig. 2) . While cortisol hypersecretion is usually concordant with imaging studies, aldosterone hypersecretion as determined by AVS is frequently discordant with imaging studies, in which micro-APA may coexist at ipsilateral, bilateral, or contralateral side. In our 2 patients (Cases 3, 6) without surgery, it is possible to speculate, although histologically not proven, that cortisol-producing adenoma could be associated concomitantly with PA caused by contralateral micro-APA, hyperplasia and/or bilateral hyperplasia (Fig. 2) . Thus, the present study raised the question that PA/SCS could be caused by various adrenal pathologies, so that therapeutic approach may differ depending on the disease subtype.
In summary, the prevalence of PA accompanied by subtle cortisol hypersecretion (21 %) appears to be Given the unilateral localization of cortisol-producing adenoma, aldosterone hypersecretion determined by AVS could be localized in ipsilateral, bilateral and contralateral side; aldosterone-producing adenoma ( • ), cortisol-producing adenoma ( ), aldosterone-and cortisol-producing adenoma ( ). The solid and the dotted lines illustrate histologically proven cases and nonoperated cases, respectively.
